ABSTRACT Aim: Mothers are often advised not to use pacifiers until breastfeeding has been wellestablished. This study determined the infant and social factors that were related to pacifier use during the first few days of life and whether it led to alterations in feeding performance.
INTRODUCTION
There are almost four million infants born each year in the United States (1) . Improving the health and the development of newborn infants has become increasingly important, as more is learned about factors that can alter the safety, health and well-being of infants. Studies have shown that breastfeeding practices play a significant role in optimising the health of infants, which have led to recommendations for exclusive breastfeeding for at least the first six months of life (2) . Due to the significant benefits of breastfeeding (2-4), education and support are common in and out of the hospital. However, there are many prenatal, medical, hospital, societal and sociocultural barriers that make it more difficult for mothers to actively meet the recommended goals for breastfeeding (5, 6) . One potential barrier to breastfeeding that has been identified is the use of artificial teats (7) (8) (9) (10) (11) (12) (13) .
Avoiding pacifiers and artificial teats is one of the guidelines in the Baby Friendly Hospital Initiative's (BFHI) document The Ten Steps to Successful Breastfeeding (14, 15) . However, avoiding pacifiers has stirred up controversy within the medical community (16, 17) . Pacifiers are non-nutritive sucking devices that are used to calm infants and have become a cultural norm in the majority of countries (18) (19) (20) . These devices are especially useful during painful procedures and for soothing infants (21) . More notably, research has demonstrated that pacifiers may be important in protecting infants from sudden infant death syndrome (22) (23) (24) . However, some reports have indicated that pacifiers can affect early weaning, increase the likeliness of otitis media and cause dental problems (2, 18, 19, 25) . Pacifiers have also been criticised for delaying speech development and having an impact on sleeping habits (18) . Finally, the use 
Key notes
Mothers are often advised not to use pacifiers until breastfeeding is well-established and this study compared pacifier use in 51 full-term mother-infant dyads. We found that pacifier use was not associated with early feeding performance, but that mothers who breastfed were less likely to use pacifiers. Women with a lower socioeconomic status were more likely to use pacifiers in the first few days after birth. of pacifiers has been grouped together with evidence about the use of bottle nipples for oral feeding (13) , resulting in perceptions that pacifiers can negatively impact the breastfeeding process. A Cochrane Review from 2016 identified three trials that demonstrated pacifier use and the impact on breastfeeding duration, but only two included healthy breastfeeding infants and were included in the meta-analysis. The authors concluded that the use of pacifiers had no impact on the proportion of infants who were fully and partially breastfeeding at three months of age and no effect on those who were breastfeeding at four months (26) . It remained unclear what factors predicted pacifier use, during an era when pacifiers were discouraged in the newborn period. In addition, it remained unclear whether pacifier use related to alterations in early feeding performance. The objectives of this study were to determine factors that related to early pacifier use and to determine the relationships between pacifier use and early feeding skills.
METHODS
This was an observational study that investigated factors related to pacifier use as well as identified relationships between pacifier use and feeding performance in full-term, healthy newborn infants. In 2015, we enroled 51 consecutively admitted full-term infants, who were born at 37 weeks of gestation or later within the first days of life. The infants were part of an overarching study that measured early auditory exposure, neurobehavioral performance and feeding outcome in full-term infants in the first few days. Infants with an identified congenital anomaly, brain injury, intensive care stay or who had parents who were nonEnglish speakers were excluded. Infants were enroled at Barnes-Jewish Hospital, which has a 35-bed mother and baby unit, and is located in urban St. Louis in the United States. After the mother signed informed consent, she completed a questionnaire that identified sociodemographic factors and pacifier use practices. The infants underwent a feeding assessment within the first few days of life. All study procedures were conducted by the fourth day of life, while the infants and their mothers were hospitalised on the newborn floor of the hospital. There were 51 infants who had data on whether or not pacifiers were used, but some parents did not answer all questions about sociodemographics.
Questionnaire
The parents completed a written questionnaire prior to discharge. The questionnaire defined gender, whether the mode of feeding was breastfed, bottle-fed or both, whether the dyad was African American or non-African American and the socioeconomic status of the family, categorised as annual income of less than 25 000 US dollars or greater than 25 000 US dollars. It also identified maternal age, whether the mothers were married or single, whether the mode of delivery was vaginal or Caesarian, the number of previous children and the highest level of education achieved by the mother, defined as college education or less than a college education. In addition, information about pacifier use was collected from the questionnaire, and this was defined as whether a pacifier was or was not used by the infant while he or she was in the hospital.
Feeding assessment
Feeding assessments were conducted at the infant's bedside by the fourth day of life. Parents fed their infant and the feeding was video recorded. The feeding was conducted by the mother in the way that she normally fed her baby, by bottle or at the breast. The length of time the infant was actively engaged in feeding, defined as regular, rhythmic sucking on the nipple, was documented. The feeding videos were evaluated using the Neonatal Eating Outcome assessment (27) , which is a new feeding assessment that consists of seven pre-feeding behaviours, nine feeding behaviours and three observations made at the end of the feeding. It can be used for breastfed or bottle-fed infants. The total score for the assessment ranges from 18 to 90, with higher scores indicating optimal performance. The assessment has content validity and good to excellent reliability (28) , and the assessment scores and the length of time the infant actively engaged in oral feeding were used as the feeding outcome measures.
Statistics
The relationships between pacifier use and gender, mode of feeding, race, the family's socioeconomic status, maternal age, marital status, mode of delivery, number of previous children and highest level of education were investigated using chi-square analyses and linear regression. The relationship between pacifier use and feeding outcome was explored using independent samples t-tests, using the length of time spent orally feeding during the assessment as well as the total score on the Neonatal Eating Outcome assessment. The relationships between pacifier use and feeding outcomes were also explored only in those infants who were exclusively breastfed.
RESULTS
There were 51 infants enroled in the study. See Table 1 for the sample characteristics. There were 24 (47%) infants who used a pacifier while in the hospital during the first few days of life, and seven (29%) of these were exclusively breastfed. Table 1 details the predictors of pacifier use. Pacifier use was more common in mothers with an income level of less than 25 000 US dollars (p = 0.02), in mothers who were single (p = 0.002), in mothers who did not have a college education (p = 0.03) and in infants who were bottle-fed or partially breastfed (p = 0.04). There were no other relationships observed between pacifier use and maternal, infant or social factors.
Predictors of pacifier use

Relationships between pacifier use and feeding performance
The feeding scores from the Neonatal Eating Outcome assessment and the duration of oral feeding did not differ between the infants who did and did not use a pacifier. In addition, there was no difference between the scores and the duration of feeding for the infants who were exclusively breastfed and who did and did not use a pacifier. Table 2 provides the Neonatal Eating Outcome assessment scores and duration of oral feeding, along with the associated p values.
DISCUSSION
The key findings of this study were that infants were more likely to receive pacifiers in the first few days of life if they were not exclusively breastfed and if their mothers had a low income level, were single or did not pursue higher education. No relationships between early pacifier use and feeding performance, including breastfeeding performance, were observed.
Our findings of pacifier use being more common in those with lower socioeconomic status were consistent with other research that identified that pacifier use was less common in women with a college education (20) . This suggests that educated mothers may have been more likely to be influenced and exposed to current recommendations to avoid pacifier use. However, despite the recommendations to avoid pacifier use, 47% of the infants used pacifiers while they were in the hospital and one-third of these were exclusively breastfed. Pacifier use was less common among mothers who exclusively breastfed, indicating that the Bold values are significant p values at ≤0.05. *p-value investigated the relationship between social factors and pacifier use using chi-square analyses and linear regression. Duration of oral feeding, minutes 9.4 (5.9) [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] 9.1 (6.2) 9.5 (6.0) 0.91 *One infant scored a 14, but feeding readiness precluded participation in oral feeding, so this score was eliminated from analysis. **p-value from investigations into the relationships between pacifier use and feeding outcome using independent samples t-tests.
messaging about avoiding pacifiers prior to establishing breastfeeding was likely to be reaching the target audience. It has been suggested that pacifier use can have a detrimental effect on breastfeeding (8) (9) (10) (11) 18, 25) , and the World Health Organization and the United Nations Childrens' Fund recommend avoiding pacifiers (19, 25) . However, while additional research is needed, the findings from the current study do not support the need to avoid pacifiers early in life. Feeding performance was the same among babies who did or did not use pacifiers and the length of time that was spent actively engaged in feeding was similar across the two groups. These findings are consistent with other reports that no differences in feeding outcome were observed in infants who did and did not use pacifiers in early infancy (24, 25, 29, 30) . Although few studies have investigated feeding performance in relation to pacifier use, we attempted to clarify whether or not there were alterations in feeding behaviours among infants who used a pacifier within the first few days of life. There was no evidence to support avoiding pacifiers, even among those who were exclusively breastfed. However, the number of mothers who used a pacifier and exclusively breastfed was small.
There were several factors that limited the scope of this study. First, there was a small sample size. Due to its exploratory nature, this study was not appropriately powered, but it does set the stage for future research. This study was observational and the use of pacifiers was not randomised. It remains unclear how messaging about pacifiers could have influenced their use. Therefore, there could have been inherent qualities in the mother-infant dyads that led to the use of pacifiers that could not be accurately untangled. Overall, this cohort had low rates of breastfeeding, which limits the generalisability of the findings to other populations of mother-infant dyads. Finally, this study investigated the use of pacifiers in the first few days of life. This cohort will be followed and early weaning and later performance can provide additional insights into the potential impact of early pacifier use.
CONCLUSION
In this observational study, the relationship between pacifier use and feeding performance in full-term, healthy infants were observed. Mothers with a lower socioeconomic status and those who chose to bottle-feed were more likely to use pacifiers. However, pacifier use was not related to early feeding performance, including among those who were exclusively breastfed. More research is needed to define the effect, if any, that pacifier use has on early feeding and weaning. Such information is important as it can provide information about whether messaging about pacifiers given to parents is appropriate or needs to be changed. In addition, it can provide the information parents need to make informed decisions about using pacifiers to soothe their infants. Finally, pacifier use, in light of its potential impact on reducing sudden infant death syndrome (22) (23) (24) , can be appropriately recommended based on the current evidence.
